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ELECTRONIC DRIVE UNIT ASSEMBLY FOR HEAVY 
DUTY VEHICLES 

BACKGROUND OF THE INVENTION 

This invention relates to an electronic drive unit assembly for a heavy-duty 
vehicle and more particularly to a drive unit assembly that incorporates an electric motor 
into each wheel spindle to drive a deep ratio reduction gear assembly at each driven 
wheel end on a heavy-duty vehicle. 

-Ocar reduction assemblies arc used in many diffeien l types of Vehicles^ provi^o * 
a desired drive torque and speed output at a vehicle wheel. He^^^dtttjroifroad vehicles 
such as lift trucks, container handles, rougb^erfam cranes, front end loaders, mining 
trucks, log haulers, eto^pftetTrequire significant reductions in order to achieve high 
output J9rqirg^tthe wheel to operate on adverse ground conditions. Traditionally, these 
Vehisles-af e driven by planetary axles that-include planetary gear reduction asssmbliefr — 

Planetary axles include a center axle housing with wheel ends mounted at each 
end of the housing. A center carrier is enclosed within the axle housing and is coupled to 
an input from a vehicle engine and transmission. The carrier drives a pair of axle shafts 
that extend to each wheel end. Each wheel end includes a planetary gear reduction 
assembly that is driven by one of the axle shafts. 

A typical planetary gear reduction assembly includes an internally toothed ring 
gear, a sun gear that is centrally positioned within the ring gear, and a plurality of planet 
gears in meshing engagement with both the sun and ring gears. The sun gear is driven 
by an axle shaft and the reaction between the sun, planet, and ring gears results in 
rotation of the wheel at a desired speed and torque. 
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One disadvantage with this traditional planetary gear configuration is that deep 
gear reductions, such as 200:1, are not available at the wheel end due to packaging 
constraints. Also, planetary axles for heavy duty vehicles are heavy and require 
powerful engines that generate pollutants, which are undesirable. As the industry moves 
toward lower emission requirements, alternative ways to power heavy-duty off-road 
vehicles are being explored. 

Accordingly, it is desirable to provide a drive unit assembly that reduces 
emissions, reduces weight, and which provides a wider range of deep gear reductions, as 
well as overcoming the other deficiencies in the art outlined above. 

SUMMARY OF THE INVENTION 

An electronic drive unit assembly independently drives each driven wheel on a 
heavy-duty vehicle. Each electronic drive unit assembly includes an electric motor 
mounted within a spindle that is mounted to a vehicle structure such as the frame or 
suspension. The motor is mounted within a chamber formed inside the spindle and is 
protected from external contaminants. A wheel hub is mounted for rotation relative to 
the spindle and is driven by the motor. The motor has an output shaft that is concentric 
with the wheel. The output shaft is coupled to a reduction gear assembly that produces a 
desired output torque at the wheel, and which is operatively coupled to drive the wheel 
hub. 

In the preferred embodiment, the reduction gear assembly is a deep ratio gear 
reduction assembly that is compatible with a high-speed electric motor to produce a 
desired wheel output torque and speed. The gear reduction assembly includes an inner 
ring gear that is mounted to the spindle and an outer ring gear that is mounted to or 
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formed within the wheel hub. The reduction gear assembly further includes a plurality of 
inner planet gears that are in meshing engagement with the inner ring gear and a plurality 
of outer planet gears that are in meshing engagement with the outer ring gear. A 
planetary spider assembly interconnects the inner and outer planet gears such that each 
one of the inner planet gears is paired with one of the outer planet gears. The inner and 
outer planet gears in each pair are rigidly mounted on a common pinion shaft fixed to a 
spider body such that the inner and outer planet gears turn with the spider at the same 
speed about an axis of rotation. The inner planet gears have a first predetermined 
number of teeth and the outer planet gears have a second predetermined number of teeth 
that is different than the first predetermined number of teeth to achieve the desired gear 
reduction ratio. 

In one embodiment, the motor indirectly drives the planetary spider assembly via 
a sun gear configuration. A sun gear is operatively coupled to the motor output shaft and 
is in meshing engagement with the inner planet gears, which are in meshing engagement 
with the inner ring gear. The sun gear drives the inner planet gears, which drive the 
planetary spider, resulting in the outer planet gears driving the outer ring gear. 

In another embodiment, the motor directly drives the planetary spider assembly. 
The planetary spider includes a spider body with a central bore and a plurality of radial 
bores for mounting the pinion shafts. The output shaft is in driving engagement with the 
spider body via the central bore. As the spider body rotates, the inner planet gears react 
against the inner ring gear and the outer planet gears react against the outer ring gear to 
rotate the wheel hub. 

The subject invention provides a drive unit assembly that reduces emissions by 
providing electric drive at each driven wheel, reduces weight by eliminating the need for 
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a planetary axle assembly, and which provides a wider range of deep gear reductions. 
These and other features of the present invention can be best understood from the 
following specifications and drawings, the following of which is a brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[12] Figure 1 is schematic view of a pair of driven wheels on a heavy-duty vehicle, 

which include the subject drive unit assembly. 
[13] Figure 2 is a schematic cross-sectional view of one embodiment of the drive unit 

Iff assembly of Figure 1 . 

£* [14] Figure 3 is a schematic cross-sectional view of an alternate embodiment of the 

m 

' u drive unit assembly of Figure 1 . 


DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

m [15] As shown in Figure 1, a heavy-duty vehicle 10 defines a longitudinal vehicle axis 

12 and includes at least two (2) driven wheels 14 positioned across from each other on 
opposing sides of the longitudinal vehicle axis 12. A drive unit assembly 16 
independently drives each wheel 14. 

T he drive-unit assem bly 16 "is shown in greater detail in figure 2. Ihe dnve^ 
assembly includes a non-rotating spindle 18 that is mounted to ayehiCie structure or 
component 20 such as a vehicle frame or suspensionj»eTfi5er. The spindle 1 8 includes a 
hollow portion that defines an ipj^er^chamber 22. A wheel hub 24 is mounted on 
bearings 26 for rotatiotfrelative to the spindle about an axis of rotation 28. An electric 
motor 3p^mounted within the chamber 22 in such a manner that the motor 30 is 
protected frn rp ^vt p rnal ^ rri wrii i M"^ Thf » environffieilt The- electrie-motor ^0. 
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incliides^tt^out put shaft 32 thatJ s-Qgecative ly oouplcd to drive the wheel hub 2 4 about - 
-th e axis of lulaliun 28. Any t ype of elec li ic ino t oi known in thc -ait-caH-be-ttsed in QlTs 
application^^ 

[17] A r^dn^ tinn gear ^ ggpmhly ghnwn g enerally at 34, is in cluded within the drm 

unit assembly 16 to provide a desired gear reduction at each wheeL^TTie subject 
reduction gear assembly 34 is capable of providing reductipn-^Tthin the range of 20 to 
200:1. The unique reduction gear assembly>H§configiired to provide high reduction 
capability such that operation with^ngh-speed electric motors 30 can be achieved. The 
reduction gear assepably32 is preferably positioned within a chamber 36 formed within 
the wheeljfrtfb 24. The reduction gear assembly 32 includes an input that is operatively 
coujffed to the motor output shaft 32 and an output that is operatively coupled to the 
/heL 

[18] The reduction gear assembly 34 includes an inner ring gear 38 that is mounted to 

the spindle 18 and an outer ring gear 40 that is mounted to or formed within the wheel 
hub 24. The inner 38 and outer 40 ring gears are preferably mounted as separate pieces 
onto their respective components, however, the inner 38 and outer 40 ring gears could be 
integrally formed with their respective components as one piece. The inner ring gear 38 
is a non-rotating component and is mounted at least partially within the inner chamber 36 
of the wheel hub 24. A seal 42 is mounted between the hub 24 and the inner ring gear 38 
to provide a seal-tight enclosure for the inner chamber 36. 
[19] --A-first -plur al ity o f inner planet gears 44 are in meshinff enRag^n^witb^the 

inner ring gear 38 and a second plurality^ofjilanet-gem^ in meshing engagement 
with the outep-ring^geaT4^. A planetary spider assembly 48 interconnects the inner 44 
^andjaute^^ thai each one of the h mer-ptanet-gea r s 44 is p airedjflrith — r 
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p ng nf tb^^to^ffl ftt, g e a r s 46^J& mferah1v 1 there are three pea rs-in ea ch i«ftaF-aB4-out^ 
planet gear set to form three pairs, however, additional inner 44 andjxuter4^fplanet gears 
could also be included in the assembli^JChe-inner 44 and outer 46 planet gears in each 
pair are rigidhy^cTunred on a common pinion shaft 50 that is fixed to a spider body 52 
sud^tftat the inner 44 and outer 46 planet gears turn with the spider 52 at the same speed 
ds of rotation^ " 
TllC rimer plane t gears 44 each have a first prcdelei mined numb er-o^teet h aiidt l ^ 
outer planet gears 46 each have a second predeteirninedjium that is different 

than the first predeteniiinedjiiHTrberof teeth to achieve the desired gear reduction ratio. 
The numbepofteeth on any of the gears in the reduction gear assembly can be varied to 
aeKieve a desired gear ratio as is known in the art and thus will not be discussed in 

JiulheE-detaik— ^ 

In the configuration in Figure 2, the motor 30 directly drives the spider assembly 
48. The spider 52 includes a central bore 54 that surrounds one end of the output shaft 
32 and has a plurality of bores 58 formed radially about the central bore 54 for 
supporting the pinion shafts 50. Preferably, the spider 52 is in direct driving engagement 
with the output shaft 32 via a spline mount 56. While a splined configuration is 
preferred, other similar connecting methods known in the art could also be used. 

The spider 52, inner ring gear 38, outer ring gear 40, and motor output shaft 32 
are all mounted in a concentric configuration. The output shaft 32 drives the spider 52, 
which drives the inner 44 and outer 46 planet gears via the pinion shafts 50. The inner 
planet gears 44 react against the inner ring gear 38 and the outer planet gears 46 react 
against the outer ring gear 40 to drive the wheel 14. A hubcap 70 or other similar cover 
is mounted to one end of the hub 24 to enclose the chamber 36. 
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_An alternate wh egLettd-as suiibly 60 w it h a spidu indirect drive a cs cmbly - 6 2J^ 
shown in Figure 3. This configuration is similar to the configuration shownjp^Figure 2 
except that the spider assembly 62 of Figure 3 is indirectly^iverr^y the motor 30. A 
sun gear 64 is in direct driving engagement wi$i*^tfie output shaft 32 and is in meshing 
engagement with the inner planet gear^4^T The sun gear 64 can be mounted on the shaft 
32 as a separate piece or canj^integrally formed with the shaft 32 as a single piece. A 
bushing 66 is moimted'on one end of the shaft 32 such that the spider assembly 62 can 
rotate relativ^to the sun gear 62, i.e. the sun gear 64 and spider assembly 62 can rotate at 
differprft speeds. The spider assembly 62 includes a spider body 68 that supports the 
t f<fnjrm ghflf^ so a s described above. 

The motor output shaft 32 drives the sun gear 64, which drives the inner planet 
gears 44. The inner planet gears 44 react against the inner ring gear 38, which drives the 
spider 62 and the associated outer planet gears 46. The outer planet gears 46 react 
against the outer ring gear 40 to drive the wheel 14. 

The subject invention provides a drive unit assembly that reduces emissions by 
providing electric drive at each driven wheel, reduces weight by eliminating the need for 
a planetary axle assembly, and which provides a wider range of deep gear reductions. 
Although a preferred embodiment of this invention has been disclosed, a worker of 
ordinary skill in this art would recognize that certain modifications would come within 
the scope of this invention. For that reason, the following claims should be studied to 
determine the true scope and content of this invention. 


